Nucleosomes around the promoter region are disassembled for transcription in response to various signals, such as acetylation and methylation of histones. Although the interactions between histone-acetylation-recognizing bromodomains and factors involved in nucleosome disassembly have been reported, no structural basis connecting histone modifications and nucleosome disassembly has been obtained. Here, we determined at 3.3 Å resolution the crystal structure of histone chaperone cell cycle gene 1 (CCG1) interacting factor A/antisilencing function 1 (CIA/ASF1) in complex with the double bromodomain in the CCG1/TAF1/TAF(II)250 subunit of transcription factor IID. Structural, biochemical, and biological studies suggested that interaction between double bromodomain and CIA/ASF1 is required for their colocalization, histone eviction, and pol II entry at active promoter regions. Furthermore, the present crystal structure has characteristics that can connect histone acetylation and CIA/ASF1-mediated histone eviction. These findings suggest that the molecular complex between CIA/ASF1 and the double bromodomain plays a key role in site-specific histone eviction at active promoter regions. The model we propose here is the initial structure-based model of the biological signaling from histone modifications to structural change of the nucleosome (hi-MOST model).
Nucleosomes around the promoter region are disassembled for transcription in response to various signals, such as acetylation and methylation of histones. Although the interactions between histone-acetylation-recognizing bromodomains and factors involved in nucleosome disassembly have been reported, no structural basis connecting histone modifications and nucleosome disassembly has been obtained. Here, we determined at 3.3 Å resolution the crystal structure of histone chaperone cell cycle gene 1 (CCG1) interacting factor A/antisilencing function 1 (CIA/ASF1) in complex with the double bromodomain in the CCG1/TAF1/TAF(II)250 subunit of transcription factor IID. Structural, biochemical, and biological studies suggested that interaction between double bromodomain and CIA/ASF1 is required for their colocalization, histone eviction, and pol II entry at active promoter regions. Furthermore, the present crystal structure has characteristics that can connect histone acetylation and CIA/ASF1-mediated histone eviction. These findings suggest that the molecular complex between CIA/ASF1 and the double bromodomain plays a key role in site-specific histone eviction at active promoter regions. The model we propose here is the initial structure-based model of the biological signaling from histone modifications to structural change of the nucleosome (hi-MOST model).
chromatin | transcription | transcription factor IID | x-ray crystallography T he nucleosome, a fundamental repeating unit of chromatin, consists of approximately 200 base pairs of DNA and a histone octamer, which is composed of two copies each of four histone proteins (H2A, H2B, H3, and H4) (1) (2) (3) (4) . Since the associations of the DNA with the histones within the nucleosome make it difficult to access the DNA by protein molecules, the nucleosome structure should be disassembled before nuclear events such as transcription, DNA replication, and DNA repair (5-7). Histone eviction from the sites of the reactions is therefore an essential and critical process to these nuclear events (8) (9) (10) (11) and is mainly mediated by histone chaperones in the eukaryotic nucleus (8) (9) (10) .
Histone chaperone CIA/ASF1 [cell cycle gene 1 (CCG1)-interacting factor A or antisilencing function 1] is the most conserved histone chaperone in eukaryotes (12) (13) (14) . Biochemical and biological studies have revealed a wide variety of CIA/ASF1 functions (8) (9) (10) in transcription (15) (16) (17) (18) (19) (20) , DNA replication (12, 13, 15, 21, 22) , and DNA repair (12, 13, (22) (23) (24) . The variety of biological functions of CIA/ASF1 has been attributed to diverse macromolecular-histone-chaperone regulatory complexes containing CIA/ASF1 (25) . For example, the CIA/ASF1 activities of the DNA-replication-dependent and -independent nucleosome structural change require complex formations with chromatin assembly factor-1 (CAF-1) and histone regulatory homolog A (HIRA) proteins, respectively (8-10, 21). Interaction with other factor(s) is likely to cause additional biological activity of CIA/ASF1.
One of the critical biological functions of CIA/ASF1 involves activity in the transcription initiation step. Biological analyses have revealed that CIA/ASF1 is required for site-specific histone eviction and/or the entry of RNA polymerase II (pol II) to the transcription starting point at various promoter regions (17-19, 26, 27) . The molecular mechanism underlying histone eviction from the nucleosome by CIA/ASF1 was proposed on the basis of its histone ðH3-H4Þ 2 tetramer-disrupting activity in vitro (28) and its crystal structure in complex with the histone-H3-H4 dimer (28, 29) . The site-specific histone eviction at the transcription initiation process generally seems to be activated by the histone acetylations around the promoter region (30) (31) (32) . Despite the importance and generality of this process, the molecule that recruits CIA/ASF1 to the promoter region(s) and the molecular mechanism connecting histone acetylations and the CIA/ASF1-mediated histone eviction remain elusive.
We previously revealed that CIA/ASF1 physically and genetically interacts with the double bromodomain (DBD) in the CCG1/TAF1/TAF(II)250 subunit [DBD(CCG1)] of the general transcription initiation factor TFIID (16) . Since DBD(CCG1) recognizes the acetylated histone tail (33), our previous results led us to hypothesize that DBD(CCG1) recruits CIA/ASF1 to active promoter regions (16) . However, no direct evidence supporting this hypothesis has been obtained. To prove this hypothesis at the atomic level, we determined the crystal structure of histone chaperone CIA/ASF1 in complex with DBD(CCG1) and performed structure-based biochemical and biological analyses.
Results
Localization of CIA/ASF1 and DBD(CCG1) on the Promoters. Of the two members of the CIA family-CIA-I/ASF1a and CIA-II/ASF1b-human CIA-I/ASF1a was utilized in the present study (14, 34) . Although the two CIA/ASF1s are similar in primary sequences, their mRNA distributions are different. CIA-I/ASF1a mRNA is widely distributed throughout the body, while CIA-II/ASF1b mRNA is highly cell-specific (34) . We used CIA-I/ASF1a for our analyses in order to elucidate the basic and general roles of CIA/ASF1 activity. The physical interaction between the core domain of human CIA-I/ASF1a [residues 1 to 155; CIA/ASF1 (155)] and the human CCG1 double bromodomain [residues 1342 to 1629; DBD(hCCG1)] was shown by the GST pull-down assay ( Fig. 1A and B) . The physical interaction of their functional counterparts in Saccharomyces cerevisiae-Cia1p/Asf1p and Bdf1p, respectively-was also confirmed (Fig. 1C) . In S. cerevisiae, Bdf2p has also been thought to functionally correspond to DBD(CCG1) (35) (36) (37) . Since Bdf1p is mainly involved in the recognition of acetylated histones in yeast (36) , Bdf1p was utilized in this analysis.
To investigate the functional relationship between Cia1p/Asf1p and Bdf1p in vivo, localization of Cia1p/Asf1p and Bdf1p was examined by chromatin immunoprecipitation (ChIP) analysis using the promoter regions of the PMA1, ACT1, PHO11, GAL10, GAL1, and HO genes, as well as one ORF-free region. The occupancies of pol II, histone H3, Bdf1p, and Cia1p/Asf1p in the promoter regions of PHO11, GAL10, GAL1, and HO were comparable to those of the ORF-free region, suggesting that these genes were inactive in the present conditions ( Fig. 1D-G) . On the other hand, higher occupancy of pol II and lower occupancy of histone H3 were observed in the promoter regions of PMA1 and ACT1, suggesting that the genes are in a transcriptionally active state ( Fig. 1D and E). In these promoter regions, significantly higher occupancies of Cia1p/Asf1p and Bdf1p were also observed ( Fig. 1F and G). Both Cia1p/Asf1p and Bdf1p therefore seem to be localized in the promoter regions of transcriptionally active genes. Considering the fact that CIA/ASF1 physically interacts with DBD(CCG1) in both yeast and human (16) , the CIA/ASF1-DBD(CCG1) complex could exist on active promoter regions. at 3.3 Å resolution ( Fig. 2A, Fig. S1 , and Table S1 ). The crystal of the CIA/ASF1(155)-DBD(hCCG1) complex showed strong anisotropy. The crystal diffracted to more than 3.0 Å resolution along the c axis; the averaged I∕σðIÞ value for the reflections located around the c Ã axis (reflections with h þ k < 10) was more than 25 between 3.1 and 3.0 Å resolution. However, the crystal diffracted to significantly lower resolution in the direction perpendicular to the c axis. When considering the reflections with l < 40, the averaged I∕σðIÞ value became less than 3 at more than 3.3 Å resolution. From these observations, we decided to refine the crystal structure at 3.3 Å resolution. Before the crystallographic refinement, the anisotropic scaling was applied to the diffraction data using the diffraction anisotropy server (38) .
The crystal structure of the CIA/ASF1(155)-DBD(hCCG1) complex showed that one DBD(hCCG1) molecule binds two CIA/ASF1(155) molecules using two spatially separated regions, binding sites 1 and 2 ( Fig. 2A) . CIA/ASF1(155) showed no significant structural changes between the DBD(hCCG1) free and complex forms. However, DBD(hCCG1) underwent a global conformational change upon CIA/ASF1(155) binding; the CIA/ASF1 binding induced an increase of the angle between the principal axes of domains I and II by approximately 10° (  Fig. 2B ) (33) , although no significant conformational changes were observed in either domain.
Physical Interaction Between CIA/ASF1(155) and DBD(hCCG1) in the Crystal. Binding site 1 is composed of two subsites, binding sites 1a and 1b, which are located at domains I and II of DBD (hCCG1), respectively ( Fig. 2A and Table S2 ). Since the analysis of the TLS parameters used in the crystallographic refinement revealed that domain I of DBD(hCCG1) is more mobile than domain II (Fig. 2C) , the interaction between CIA/ASF1(155) and binding site 1b of DBD(hCCG1) seems to be the main contributor to the interaction at binding site 1. At binding site 1b, Trp1526 (DBD), Phe1536(DBD), and Tyr1589(DBD) are involved in the interaction with CIA/ASF1(155) ( of an acetylated-lysine-binding site (33) . Binding site 2 is also composed of domains I and II of DBD(hCCG1). Residues in domain II of DBD(hCCG1) mainly interact with CIA/ASF1(155) ( Table S3 ).
To interact with DBD(hCCG1), CIA/ASF1(155) mainly utilizes the two hydrophobic regions, the side-edge pocket and the concave surface of a β-sheet. The side-edge pocket of CIA/ASF1 (155) accommodates Phe1536(DBD) in binding site 1 ( Fig. 3A and Table S2 ), and Tyr112(CIA) in the concave surface of CIA/ASF1(155) interacts with a hydrophobic patch formed by Ala1506(DBD), Phe1509(DBD), Ile1510(DBD), and His1610 (DBD) in binding site 2 ( Fig. 3B and Table S3 ). These hydrophobic regions of CIA/ASF1(155) are also utilized in forming a complex with the histone H3-H4 dimer (28, 29) ; the side-edge pocket accommodates Phe100 of histone H4, and the concave surface of the β-sheet accommodates the α3 helix of histone H3. The interaction surfaces of CIA/ASF1(155) for the histone H3-H4 dimer and DBD(hCCG1) are overlapped, but are not exactly the same.
The present crystal structure showed that the acetylated-lysinebinding sites in both domains (33, 39, 40) are exposed to the solvent, suggesting that the CIA/ASF1(155)-DBD(hCCG1) complex is able to interact with an acetylated lysine (Fig. 3C) . The biochemical analysis showed that a tetraacetylated histone H4 N-tail peptide coprecipitated with CIA/ASF1(155) and DBD (hCCG1) (Fig. 3D) . Furthermore, the existence of an acetylated histone H4 N tail does not inhibit the interaction between CIA/ ASF1(155) and DBD(hCCG1) (Fig. S2A and B) . Tables S2 and S3) suggested marginally weak interactions between CIA/ASF1 (155) and DBD(hCCG1). Since we could not exclude the possibility of crystallographic artifacts of these interactions, further analyses of the interactions were performed in solution.
We analyzed the interaction between CIA/ASF1(155) and DBD(hCCG1) by the GST pull-down assay using 19 and 9 mutants for CIA/ASF1(155) and DBD(hCCG1), respectively. Residues for the mutations were selected from a list of residue pairs at distances of less than 4 Å (Tables S2 and S3 ). Among them, the residues whose side chains are involved in the interaction between the two molecules were substituted with alanine. The GST pull-down assay with the DBD(hCCG1) mutants showed that the mutations of residues at binding sites 1 (Trp1526Ala, Phe1536Ala, and Tyr1589Ala) and 2 (Phe1509Ala, Tyr1607Ala, and His1610Ala) of DBD(hCCG1) affected the interaction with CIA/ASF1(155) (Fig. 4A and B) . The GST pull-down assay with the CIA/ASF1 (155) mutants showed that the mutants Val10Ala, Val92Ala, Val94Ala, and Tyr112Ala of CIA/ASF1(155) had decreased interaction with DBD(hCCG1) (Fig. 4C and D) . These amino acids of CIA/ASF1(155) are involved in the interaction with binding site 1 or 2, or both, of DBD(hCCG1) in the crystal structure (Fig. 4C) . The present GST pull-down assays suggested that DBD(hCCG1) has two binding sites for CIA/ASF1(155) in solution.
Genetic Interaction Between CIA1/ASF1 and Bromodomain Factor (BDF). To reveal the functional significance of the CIA/ASF1-DBD(CCG1) interaction observed in the crystal structure, the genetic interaction between CIA/ASF1 and DBD(CCG1) was analyzed at the single-residue level using S. cerevisiae. Although the functional significance of each protein can be examined in vivo by deleting a particular protein using a technique such as RNAi (41) , this type of analysis cannot yield information about the functional significance of the interaction at the single-residue level. The residues corresponding to those mutated in the in vitro binding analysis of CIA/ASF1(155) or DBD(hCCG1) were mutated in the yeast genetic analysis (Tables S4 and S5 ). Four mutations on Cia1p/Asf1p (Val94Ala, Tyr112Ala, Leu140Ala, and Arg145Ala) showed the Sptð−Þ phenotype (Fig. 5A-C) . In the case of Bdf1p, four and two mutations of binding sites 1 (Tyr338-Ala, Val347Ala, Asn350Ala, and Val403Ala) and 2 (Thr216Ala and Asn423Ala), respectively, showed the Sptð−Þ phenotype in bdf2-deletion mutant strains (Fig. 5D-F) . These results suggested that Cia1p/Asf1p and Bdf1p have a genetic interaction through the residues located in the molecular interfaces of the CIA/ ASF1-DBD(CCG1) complex (Fig. 5C and F) .
We also examined the genetic interaction between CIA1/ASF1 and BDF2. Since Bdf1p and Bdf2p seem in part to function redundantly (35, 37) , it is reasonable to expect that CIA1/ASF1 and BDF2 have a genetic interaction. In fact, the Sptð−Þ phenotype caused by the Tyr112Ala mutation of CIA1/ASF1 can be suppressed by the overexpression of Bdf2p. Furthermore, mutations of the Bdf2p residues presumably located in the Cia1p/Asf1p-interacting surface of binding site 1 (Leu354Ala and Val408Ala) cannot suppress the Sptð−Þ phenotype, even when the mutants were overexpressed (Fig. S3) . These results suggested that the interaction between Cia1p/Asf1p and binding site 1 of Bdf2p is functional in vivo, probably in the transcription process.
Functional Interaction Between Cia1p/Asf1p and Bdf1p on the ACT1
Promoter. Next, the in vivo functional significance of a residue located in binding site 1 was analyzed at the promoter region of ACT1 using ChIP analysis (Fig. 5G-J and Fig. S4 ). Both Cia1p/Asf1p and Bdf1p are localized on the promoter region of the ACT1 gene ( Fig. 1F and G) . The occupancies of pol II, histone H3, Bdf1p, and Cia1p/Asf1p were compared between the wild-type and Val403Ala(Bdf1p) mutant strains. Val403 of Bdf1p, which is located at binding site 1, was involved in the interaction between GST-Cia1p/Asf1p(155) and His-DBD(Bdf1p) (Fig. S4A-C) . The functional significance of Val403 in Bdf1p and its corresponding residue Val408 in Bdf2p were also suggested from genetic analyses (Fig. 5D-F and Fig. S3A-C) .
The results of the ChIP analysis showed that the Val403Ala mutation of Bdf1p induces statistically significant differences in the pol II, histone H3, and Cia1p/Asf1p occupancies (Fig. 5G-I) . Compared to the wild-type strain, the Val403Ala mutant strain had lower occupancies of pol II (Fig. 5G ) and Cia1p/Asf1p (Fig. 5I) and a higher occupancy of histone H3 (Fig. 5H ). In contrast, a marginal difference was observed for Bdf1p occupancy between the wild type and mutant (p ¼ 0.3, Fig. 5J ). These results suggest that the mutation of Val403(Bdf1p), which induces the inhibition of the Cia1p/Asf1p-Bdf1p interaction (Fig. S4A-C) , hampers the localization of pol II and Cia1p/Asf1p and the delocalization of histone H3.
The present ChIP data showed relatively large deviations ( Fig. 5I and J) . Other groups also pointed out the same problem (19, 42, 43) . There are two main reasons for the relatively large deviations of data, which arise from the low signal intensities of Cia1p/Asf1p and Bdf1p. First, since Cia1p/Asf1p and Bdf1p cannot directly interact with DNA, the immunoprecipitation efficiencies were less than those of DNA-interacting factors such as pol II and histones ( Fig. 5G and H) (42) . Second, transient interactions of Cia1p/Asf1p and Bdf1p on promoter regions would be another reason for the low immunoprecipitation efficiencies of these factors (42) . These problems are inevitable in the ChIP analysis with Bdf1p and Cia1p/Asf1p.
CIA/ASF1(155) Changes Its Interacting
Partner. In order to analyze the relationship between CIA/ASF1(155)-DBD(hCCG1) and CIA/ASF1-histone-H3-H4 complexes, we considered the structural effect of the histone H3-H4 dimer on the CIA/ASF1(155)-DBD(hCCG1) complex. In both binding sites (binding sites 1 and 2), some histone-interacting residues of CIA/ASF1 are exposed to the solvent (Fig. 6A and Tables S6 and S7 ). However, some histone-interacting residues are buried in the complex. Thus, the binding of the histone H3-H4 dimer to CIA/ASF1 in the CIA/ASF1(155)-DBD(hCCG1) complex causes close contacts between the histone H3-H4 dimer and DBD(hCCG1) (Fig. 6A and Fig. S5 ). The CIA/ASF1-DBD(CCG1) and CIA/ASF1-histone-H3-H4 complexes are mutually exclusive. Next, the interacting surface areas of these complexes were compared. The structural data showed that the interacting surface area of CIA/ASF1 for the histone H3-H4 dimer (1358 Å 2 ; ref. 28 ) is substantially larger than those for DBD (hCCG1) (818 Å 2 and 719 Å 2 for binding sites 1 and 2, respectively). The structural analyses suggested that the change from the CIA/ASF1(155)-DBD(hCCG1) complex to the CIA/ASF1-histone-H3-H4 complex is a favorable process. Indeed, the biochemical analysis showed that the DBD(hCCG1) in the CIA/ASF1(155)-DBD(hCCG1) complex was dissociated from CIA/ASF1(155) by adding the histone ðH3-H4Þ 2 tetramer to the complex (Fig. 6B and C) . The histone H3-H4 dimer dissociation from CIA/ASF1(155) by adding DBD(hCCG1) to the CIA/ ASF1(155)-histone-H3-H4 complex was, however, not observed under our experimental conditions (Fig. 6C and Fig. S5C ).
Discussion
In the present study, we determined the crystal structure of the CIA/ASF1(155)-DBD(hCCG1) complex (Fig. 2) . This is the initial crystal structure of a histone chaperone in complex with a histone-modification-recognizing domain. Taking into account the function of each molecule, the CIA/ASF1-DBD(CCG1) complex can be considered molecular machinery connecting the histone acetylations to nucleosome structural change. Indeed, the crystal structure and the biochemical analysis showed that the CIA/ASF1(155)-DBD(hCCG1) complex can interact with an acetylated histone peptide (Fig. 3D) . Furthermore, our structure-based biochemical (Fig. 4) and biological (Fig. 5 ) studies suggested that CIA/ASF1 colocalized with DBD(CCG1) at the promoter region through the interaction with DBD(CCG1) and is transferred to the histone ðH3-H4Þ 2 tetramer complex to disassemble the nucleosome structure in a site-specific manner (Fig. 6D) . This is the initial structure-based model of the biological signaling from histone modifications to structural change of the nucleosome (hi-MOST model).
It was intriguing that DBD(hCCG1) has two binding sites for CIA/ASF1(155) (Fig. 2) . The structure-based biological analysis suggested that the interaction between Cia1p/Asf1p and binding site 1 of Bdf1p is required for their colocalization at active promoter sites (Fig. 5I) . The binding site on DBD(hCCG1) for the acetylated histone-N-tail peptide could not be determined in this study. However, the acetylated histone-N-tail peptide may bind to the acetylated-lysine-binding sites of DBD(hCCG1) in the CIA/ASF1(155)-DBD(hCCG1) complex, because both acetylated-lysine-binding sites are exposed to the solvent (Fig. 3C) . When the acetylated histone tail binds to these binding sites, the bound peptide might affect the interaction between CIA/ASF1(155) and DBD(hCCG1) at binding site 1, because the bound peptide could be located close to CIA/ASF1 in the complex (Fig. 3C) . It is of note that binding site 2 of BDF1 seems to have a genetic interaction with CIA1/ASF1 in yeast (Fig. 5 E  and F) . Further analysis is needed to clarify the functional implication of this binding site.
We showed that CIA/ASF1 localizes at the ACT1 promoter through the interaction with DBD(CCG1). This is consistent with the fact that the ACT1 gene is dominantly regulated by TFIID; TFIID predominates in the expression of about 90% of measurable genes in yeast (44) . Our proposed mechanism, however, can be applied to some, but not all, genes since the remaining 10% of genes, most of which seem to be inducible genes in yeast, are dominated by the Spt-Ada-Gcn5-acetyltransferase (SAGA) complex (44) . Other combinations of one or more histone chaperones and their recruiting factors could be involved in the histone eviction, particularly in the SAGA-dependent genes. In fact, it has been suggested that Bdf1p is not involved in Cia1p/Asf1p localization in the PHO5 gene (17) , which is induced by low phosphate conditions.
After the colocalization of CIA/ASF1 and DBD(CCG1) to the promoter region, site-specific histone eviction should occur through the interaction between CIA/ASF1 and histone proteins. In this process, CIA/ASF1 seems to change its interacting partner from DBD(CCG1) to the core domains of the histone H3-H4 dimer. This molecular mechanism can be explained on the basis of the present crystallographic and biochemical results. The crystal structure of the CIA/ASF1(155)-DBD(hCCG1) complex showed that some of the histone-H3-H4-interacting residues on CIA/ASF1 (at binding site 1) are exposed to the solvent (Fig. 6A) . Interaction between these exposed residues and the histone H3-H4 complex in the acetylated nucleosome or adjacent ones could be facilitated by the local compartmentalization of CIA/ASF1 through the interaction with DBD(CCG1) and is likely to be an initial step of the interacting partner change. Since the interacting surfaces of CIA/ASF1 for the histone H3-H4 dimer and DBD(CCG1) partially overlap ( Fig. 6A and Fig. S5A ), DBD(CCG1) and the histone H3-H4 dimer compete for CIA/ASF1. Since the interacting surfaces of CIA/ASF1 for the histone H3-H4 dimer are significantly larger than those for DBD(CCG1), the CIA/ASF1-histone-H3-H4 complex would be formed after the competition, resulting in the site-specific histone eviction. Since CIA/ASF1 changes its functional role by changing its interacting partner (8) (9) (10) 21) , the resultant CIA/ ASF1-histone-H3-H4 complex seems to induce another CIA/ ASF1-relevant process. The exposed HIRA-interacting surface in the CIA/ASF1-histone-H3-H4 complex (28, 29, 45) might be a key to initiation of the subsequent process.
In the present study, we determined the crystal structure of the CIA/ASF1(155)-DBD(hCCG1) complex. The interactions between CIA/ASF1 and DBD(CCG1) found in the complex structure are functional in vivo (Fig. 5) , and the complex structure possesses critical characteristics that can connect histone acetylation and histone eviction (Figs. 3C and 6A) . Taken together, the findings indicate that CIA/ASF1-DBD(CCG1) complex can be considered a functional complex occurring in site-specific histone eviction (Fig. 6D) . In this study, however, histones H2A and H2B and DNA were not involved in the analysis. Indeed, facilitate chromatin transcription (FACT) and Bdf1p seem to be involved in nucleosome structural change through interaction with histone H2A (27, 37) . A structure-based study including all these factors and an analysis of DBD(CCG1) specificity for the modification patterns of histone proteins are required in order to fully understand the molecular mechanisms connecting acetylation-signal recognition and site-specific histone eviction.
Materials and Methods
The protein solution (15-20 mg ml −1 ) containing CIA/ASF1(155) and DBD (hCCG1) was prepared by mixing equimolar amounts of each component. The complex was crystallized by the hanging-drop vapor diffusion method at 293 K. The crystallization solution was 0.1 M Mes (pH 5.65), 1.1 M ammonium sulfate, and 0.25 M lithium sulfate. The crystal structure was determined by the molecular replacement method with the coordinates of CIA/ ASF1(155) (PDB ID code 1ROC) and DBD(hCCG1) (PDB ID code 1EQF) as search models.
The details of expression, purification, crystallography, GST pull-down assay, Spt phenotype analysis, and ChIP analysis are described in the SI Text published online.
